Background: Understanding the interactions between increased insecticide resistance in field 34 malaria vector populations and the subsequent resting behaviour patterns is important for planning 35 adequate vector control measures in a specific context and sustaining the current vector 36 interventions. The aim of this study was to investigate the resting behavior, host preference and 37 infection with Plasmodium falciparum sporozoites by malaria vectors in different ecological 38 settings of western Kenya with different levels of insecticide resistance. 39 40 Methods: Indoor and outdoor resting Anopheline mosquitoes were sampled during the dry and 41 rainy seasons in Kisian (lowland site) and Bungoma (highland site), both in western Kenya. WHO 42 tube bioassay was used to determine levels of phenotypic resistance of first generation offspring 43 65 66 Conclusion: The study reports high densities of insecticide -resistant An. gambiae and An. funestus 67 resting indoors and the persistence of malaria transmission indoors with high entomological 68 inoculation rates (EIR) regardless of the use of Long-lasting insecticidal nets (LLINs). These 69 findings underline the difficulties of controlling malaria vectors resting and biting indoors using 70 the current interventions. Supplemental vector control tools and implementation of sustainable 71 insecticide resistance management strategies are needed in western Kenya.
Malaria still remains a major public health concern in sub-Saharan Africa, responsible for an 78 estimated 219 million cases and 435,000 deaths despite the massive investments in scaling-up 79 indoor anti-vector interventions [1] . Remarkable advances in the fight against malaria have been 80 achieved within the past decade mainly through the massive scale-up of long-lasting insecticide-81 treated nets (LLINs) and indoor residual spraying (IRS) in many localities [2, 3] . Despite the 82 increased efforts, it is worrying that no significant progress has been made in reducing global 83 malaria cases in the year 2015-2017 period [1] , with some regions in sub-Saharan Africa, 84 previously reported to experience a resurgence of malaria including western Kenya [4] . This 85 transmission recurrence is partly attributed to the emergence of insecticide resistance and 86 behavioural modification that have arisen as an adaptation by mosquitoes in response to high use 87 of insecticides for vector control [5, 6] . All these factors have the potential to weaken malaria 88 control programs thus posing a serious threat in the fight against malaria [7] . 89 The current vector control interventions take advantage of susceptible mosquito behaviors. These 90 interventions are based on the observation that malaria vectors prefer to bite humans indoors late 91 at night and often rest inside houses after blood feeding hence, they will be exposed to sufficient 92 levels of insecticides which will either kill them or reduce their longevity thus affecting their 93 vectorial capacity [1] . In sub-Saharan Africa insecticide-treated net (ITN) ownership is estimated 94 to have increased from 3% in 2000 to 83% in the period of 2015-2017 [1] . In Kenya, the 95 government rolled out the universal bed net programme where every two persons in a household 96 were provided with a free ITN. The ITN ownership rose from 12.8% in 2004 to over 80% in 97 2015 [8, 9] The increased use of indoor interventions may pose stress on the indoor feeding and 98 resting of malaria vectors leading to either behavioural defense [10] or physiological defense [5] . Mosquito sampling 148 Mosquitoes were sampled during the long dry season (February-March) and the long rainy season 149 (May-July) in 2018. Indoor resting malaria vectors were sampled using pyrethrum spray catches 150 (PSCs) and mouth aspirators in sixty (60) randomly selected houses from 06:00 to 09:00 h [22] . 151 Outdoor resting mosquitoes were collected from pit shelters constructed according to Thomson's method [28] , clay-pots and by the use of Prokopack aspirators (John W Hock, 153 Gainesville, FL, USA) from outdoor kitchens and evening outdoor human resting points.
154
Anopheline mosquitoes were sorted morphologically according to the identification keys described 155 by [29] . Female mosquitoes were further classified according to their gonotrophic status.
156
Mosquitoes from each collection method were stored in separately labeled vials and preserved by 157 desiccation.
158
Some of the collected indoor and outdoor resting mosquitoes that were either blood fed or gravid 159 from the two sites were kept in paper cups covered with moistened cotton towels and transported 160 to the insectary at Kenya medical research institute in Kisumu. Gravid An. gambiae s.l and An. 161 funestus s.l females were provided with oviposition cups. Eggs laid were allowed to hatch in spring 162 water in small trays and larvae reared on a mixture of tetramin (fish food) and brewer's yeast 163 provided daily under controlled standard insectary conditions with a temperature range of 26± 2°C 164 and 70% to 80% relative humidity. Emerging adults were provided with a 10% sugar solution until 165 ready to be used for bioassay tests. 168 To assess susceptibility or resistance of F1 progeny of mosquitoes caught from different 169 locations(indoor and outdoor) and study sites, emerging female adults aged 2-5 days were exposed to 0.05% deltamethrin following the standard WHO tube test protocol [ 186 The abdominal section of blood-fed Anopheles mosquitoes were cut transversely between the 187 thorax and the abdomen. Genomic DNA was extracted from mosquito abdomens using ethanol 188 precipitation method as described by Collins et al. [33] . One universal reverse primer and five 189 animal-specific forward primers (human, cow, goat, pig, and dog) were used for amplification of 
WHO resistance bioassays

Detection of blood meal sources using polymerase chain reaction (PCR)
Detection of Sporozoite Infectivity
The head and thorax of individual mosquitoes samples collected were used to detect the presence 195 of P. falciparum sporozoites using enzyme-linked immunosorbent assays (ELISA) method as 
Results
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Indoor and Outdoor Anopheline mosquito composition 215 A total of 2,706 and 860 female Anopheline mosquitoes were collected from Bungoma (highland 216 site) and Kisian (lowland site) respectively during the study period. Anopheles gambiae s.l was the 217 most abundant species accounting for 69.5% (1, 880) in Bungoma and 90.8% (781) in Kisian 218 followed by An. funestus 30.5% (826) and 9.2 % (79) respectively. Overall, the proportion of 219 Anopheles species resting indoors was significantly higher by 82.4% than outdoor location 17.6% 220 across the study sites (z = -8.47, p < 0.0001). The mean indoor resting density of An. gambiae s.l 221 from both sites was significantly higher than outdoor resting density (F 1 , 655 =41.928, p < 0.0001).
222
The mean indoor resting density for An. funestus was also higher than outdoor resting density (F 1 , 223 655 = 36.555, p < 0.0001) ( Fig.2 ).
225
For species identification, a sub-sample of 1,566 from both sites (1, 172 An. gambiae s.l and 394 226 An. funestus s.l) were used to discriminate the sibling species. In Bungoma, An. gambiae and An. 227 arabiensis accounted for 90.9% and 7.6% respectively. In Kisian, 60.2% were An. arabiensis and 228 38.9% as An. gambiae. All the An. funestus s.l assayed from the two study sites were all An. 229 funestus s.s (hereafter An. funestus). Of the three vector species, An. gambiae (66.8%) was the 230 predominant malaria vector in Bungoma followed by An. funestus (27.7%) and An. arabiensis 231 (5.4%). In Kisian, An. Arabiensis (49.5%) was the most abundant vector species followed by An. 232 gambiae (31.8%) and An. funestus (18.5%). There were more An. gambiae and An. funestus resting 233 indoors than outdoors (80.7 vs 19.3% and 97.8 vs 2.2% respectively; X 2 =122.96, df = 2, p < 234 0.0001). The proportion of An. arabiensis was higher outdoors than indoors (54.7 vs 45%). In
235
Kisian, there were significantly more vectors resting indoors than outdoors (X 2 =21.32, df = 2, p 236 < 0.0001). There were more An. gambiae resting indoors (87.5%) than outdoors (12.5%). The 237 densities of An. arabiensis (74.2 vs 25.8%) and An. funestus (96.0 vs 3.9%) also followed the same 238 trend ( Fig.3 ).
239
In Bungoma, the seasonal abundance of An. gambiae and An. funestus species composition was 240 higher during the rainy season 57% (352) vs 67% (211) than dry season 43 (266) vs 32.2% (100) indoors respectively (X 2 =16.28, df = 2, p < 0.0003). However, An. arabiensis composition was 242 higher during the dry season than rainy season indoors (63 vs 37%). There was no significant 243 difference in An. gambiae, An. arabiensis and An. funestus species composition during the rainy 244 season (78, 16.5 and 4.4% respectively ) and dry season outdoors (An. gambiae 72.7% and An. 245 arabiensis, 27.3%) in Bungoma (P>0.05). In contrast, in Kisian the overall seasonal prevalence of 246 the three vector species composition was higher during the dry season indoors than rainy season 247 (An. arabiensis, 68% (100) vs 32% (47), An. funestus, 63 (46) vs 37% (27); X 2 =30.42, df = 2, p < 248 0.0001). However, the proportion of An. gambiae s.s was higher indoors during the rainy season 249 65.2% than dry season 34.8% ( Fig.3 ).
250
Phenotypic resistance 251 All the F1 mosquito populations tested from Bungoma and Kisian showed remarkable resistance 252 to deltamethrin, with mortality rates ranging from 31.6% to 75.7% (Fig.4 ). High resistance levels 253 were observed for F1 progeny of Anopheles gambiae s.l resting indoors (36.6%) than outdoors 254 65.5% in Bungoma. In Kisian the F1 progeny of Anopheles gambiae s.l resting indoors had lower 255 mortality rates (66.6%) than outdoors (75.7%). Though the levels of deltamethrin resistance 256 observed were higher for mosquitoes resting indoors compared to outdoors across the sites, there 257 was no significant difference between the means (F 3 , 28 =1.391, p < 0.266 
Target site genotyping
In total 693 Anopheles, gambiae s.l samples were genotyped for the presence of Vgsc-1014S and 265 1014F mutations. In Bungoma, overall high frequency of Vgsc-1014S (87.7%) and 1014F (5.5%) 266 was observed in An. gambiae, whereas only Vgsc-1014S was observed in An. arabiensis with a 267 low frequency of 3.8%. The frequency of Vgsc-1014S and 1014F was high in indoor resting An. 268 gambiae (89.7 and 9.2% respectively) than outdoor where only Vgsc-1014S was observed 84.6%.
269
The Vgsc-1014S was the only kdr mutation observed in An. arabiensis resting indoors (10%) and 270 was not detected in the outdoor resting collections ( Table 1) .
271
In Kisian, the frequency of Vgsc-1014S in An. gambiae was 70% and that of 1014F was 0.8 %, An. funestus were 64.7, 25 and 74.8% respectively. The HBI for An. gambiae resting indoors was 283 higher (54.3%) than outdoors (33.3%), and the HBI of An. arabiensis resting indoor (25.0%) was 284 higher than for outdoor (12.5%). An. funestus was highly anthropophilic with HBI of 64.8% from 285 indoors and 75% outdoors.
In Kisian, the overall HBI of An. gambiae, An. arabiensis and An. funestus was 59.7, 7 and 82.7% 287 respectively. The HBI for An. gambiae resting outdoors was higher (100%) than indoors (59.7%).
288
The HBI for indoor and outdoor resting An. arabiensis was 7 vs 6.25%. The HBI of An. funestus 289 resting indoors was 82.4%. None of the An. funestus from outdoor collections was positive for a 290 blood meal test.
291
In Bungoma, the overall Bovine blood index (BBI) for An. gambiae, An. arabiensis and An. 
318
In Bungoma, the overall seasonal infective rate was high during the dry season (18%) than in the 319 rainy season (7.6%) for An. funestus. For Anopheles gambiae, the seasonal infective rate was 7.2% 320 during the dry season and 7.06% during the rainy season. Anopheles arabiensis seasonal infective 321 rate was only detected during the rainy season (5.6%) (Table 3 ). In Kisian, the seasonal infective 322 rate of An. gambiae was 2.4 % during the dry season. mosquitoes may be of the particular concern given that the mutation has been found to be strongly 363 associated with pyrethroid resistance than Vgsc-1014S which has been observed to be a weaker 
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